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1 . This inteniational preliminary examination report has been prepared by this Intemational Preliminary 
Examining Authority and is transmitted to the applicant according to Article 36. 

2. This REPORT consists of a total of lo sheets, including this cover sheet. 

I I This report is also acconq)amed by ANNEXES, i.e., sheets of the description, claims and/or drawings 
which have been amended and are the basis for this report and/or sheets containing rectifications made 
before this Authority (see Rule 70. 16 and Section 607 of the Admimstrative Instructions under the PCT)- 
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International application No. 
^PnNATION REPORT PCT/US03/32585 



L Basis of the repoiTt 



1 . Witb regard to the elem«its of the international application:* 
the international application as origiDally filed, 
the description: 

pages 1-12 as originally filed 

pages NONE , filed with the demand 

pages NONE , filed with die letter of 



the claims: 

pa^ 13-17 , as originally filed 

pages NONE , as amended (together with any statement) under Article 19 

pages NONE . filed with the demand 

pa^s NONE , filed with the letter of 

the drawings: 

pages lr4 ^ as originally filed 

pages NONE , filed with the demand 

pages NONE , filed with the letter of ^ 

I I the sequence listing part of die descrq)don: 

pages NONE ^ as originally filed 

pages NONE , filed with the demand 

pages NONE , filed with the letter of . 



2. With regard to the language, all the elements marked above were available or furnished to this Authority in the 
language in which the international application was filed, unless otherwise indicated under this item. 
These elements wore available or furnished to this Authority in the following language which is: 

the language of a translation furnished for the purposes of international search (under Rule23.1(b)). 

the language of publication of the international application (under Rule 48.3(b)). 

I I the language of the translation furnished for the purposes of international preliminary examination(under Rules 
55.2 and/or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the 
iotemational preliminary examination was carried out on the basis of the sequence listing: 

I I contained in the international application in printed form. 
I I filed together with die international application in conqmter readable form. 
I I furnished subsequentiy to this Authority in written form. 
I I furnished subsequentiy to this Authority in computer readable form. 

I I The statement that the subsequently furnished written sequence listing does not go b^ond the disclosure in the 
international application as filed has been fiimished. 

I I The statement tiiat the mfonnation recorded m computer readable form is identical to the written sequence listmg 
has been furnished. 

The amendments have resulted in the cancellation of: 
the description, pages NONE 



the claims, Nos. NONE 



the drawings, sheets/fig NONE 

This report has been established as if (some of) the amendments had not been made, since they have been considered to go 

beyond the disclosure as filed, as indicated in the Supplemental Box (Rule 70.2(c)).** 
* Replacement sheets which have been furnished to the receiving Office in response to <m invitation under Article 14 are referred to in 
this report as "originally filed" and are not annexed to this report since they do ru)t contain amendments (Rules 70.16 and 70.17). 
** Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this report. 
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citations and expfemations supporting such statement 



1. STATEMENT 



Novelty (N) 



Claims 1-19 



Claims NONE 



Inventive St^ (IS) 



Industrial ^splicability (lA) 



Claims NONE 



Claims 1-19 



_YES 
_NO 

.YES 
NO 



Claims 1-19 



Claims NONE 



_YES 
NO 



2. CITATIONS AND EXPLANATIONS 
Please See Continuation Sheet 
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V. 2. Citatfons and Explanations: 

Response to Aiguments 

The applicant argues that the combination of Raleigh et al. (Raleigh, US Patent No. 6,144,71 1) and Motoyasu et al. 
(Motoyasu, Japanese Patent Application No. 05-135996) do not teach the clauned invention "resolving the covariance matrix a 
HctitiDus antoina array manifold". The examiner respectfully disagrees with the applicant's assertion. Contrary to applicant's 
assertion, Motoyasu teaches [known antenna array] manifold (paragraphs 0025 and 0029), and as a method improved so that bearing 
of an interference wave including such a coherent signal might be decomposed and bearing could be presumed correctly and also array 
antennas are made into a reg\ilar-intervals linear array, application in the case a coherent signal is included is enabled (see paragraphs 
0025 and 0029), regarding the limitation [the improvement comprising the step of resolving the covariance matrix with a fictitious 
antenna array manifold], the motivation to achieve interference reduction in antenna system. Furthermore, the limitation ''resolving 
the covariance matrix" is not require/limit to inteipret for any specific detail in the claims. 

Claims 1 -8, 10 -16, 18, and 19 lack an inventive step under PCT Article 33(3) as being obvious over Raleigh et al. (Raleigh, US 
Patent No. 6,144,711) in view of Motoyasu et al. (Motoyasu, Japanese Patent ^plication No. 05-135996). 

Regarding claim 1, Raleigh teaches of in a method for estimating the multi-path delays in a signal received at an antenna 
array of k antenna elements (column 2, lines 59 -63), comprising estimating an impulse response at each k antenna, generating a 
space-time impulse response (column 12, lines 2-16), forming a covariance matrix and resolving the covariance matrix with a known 
antenna array (column 21, lines 20 -31), the improvement comprising the step of resolving the covariance matrix with a fictitious 
antenna array (column 21, lines 55 -62). 

Raleigh does not specifically teach of [known antenna array] manifold, [the improvement comprising the step of resolving 
the covariance matrix with a fictitious antenna array] manifold (note that brackets are used for clarity in language and that it is 
believed these limitations are addressed by the above cited reference). 

In a related art dealing with multi-path mitigation, Motoyasu teaches of [known antenna array] manifold (paragraphs 0025 
and 0029), [the inq)rovement comprising the step of resolving the covariance matrix vsrith a fictitious antenna array] manifold 
(paragrai^s 0025 and 0029). 

It would have been obvious to one skilled in the art at the time of uivention to have included into Raleigh's signal processing 
system, Motoyasu* s measuring concepts, for the purposes of imerference reduction (brought about from radio multi-padis) as taught 
by Motoyasu. 

Regarding claims 2 and 18, Raleigh teaches of a method and system for estimatmg the multi-path delays t in a signal using a 
spatially blind antenna array (column 2, lines 59 -63) comprising k arbitrary antenna elements (Figure 6 and column 11, lines 44 -53), 
comprising the steps of generating an impulse response hk for each antenna element k in the antenna array (Figure 6 and colunm U, 
lines 44 -53 and column 12, lines 2 -16); determining a vectorized space-time impulse response I over die antenna array (column 13, 
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lines 2 -22); creatuig a covariance matrix C (column 21. lines 21 -33); creating a fictitious airay Af, v^erein Af is spatiaUy blind and 
mdependent of the array characteristics (column 21, Imes 21 -33 and column 30. lines 30 -39); and resolving the covariance matrix C 
wifli the fictitious Af to thereby estimate the multi-path delays t independent of die array characteristics (column 21, lines 55 -65 and 
column 22, lines 3 -16). 

Raleigh does not specifically teach of [creating a fictitious array] manifold [Af] and [resolving the covariance matrix C witii 
the fictitious] manifold [Af] (note that brackets are used for clarity u lai^iage and that it Is bdieved these limitations are addressed by 
the above cited reference). 

In a related art dealing with muUi-path mitigation, Motoyasu teaches of [creating a fictitious array] manifold [Af] 
(paragraphs 0025 and 0029) and [resolving die covariance matrix C witii die fictitious] manifold [Af] (paragraphs 0025 and 0029). 

It would have been obvious to one skiUed in die art at die time of invention to have included into Raleigh's sigml processing 
system. Motoyasu' s measuring concepts, for the purposes of interference reduction (brought about from radio multi-paflis) as taudu 
by Motoyasu. t~ / 

Regarding claim 3. Raleigh in view of Motoyasu teach all the claimed Umitations as recited in claim 2. Raleigh further 
teaches of wherem die m^ulse response estimate hk is detmnined from tiie equation: hk = (ZZ*H)- Zric w^ere Z is a delay matrix 
and ric 15 Uie cohmm vector of the received signal at antenna element k of die antenna array, where k= 1,2, , ..m (cohmm 19. lines 55 - 
59 and cohimn 20, lines 6 -2^. 

Regarding claim 4, Raleigh in view of Motoyasu teadi all die claimed limitations as recited in claim 3. Raleigh further 
teadies of wherein the space-time impulse response vector I is formed by staddng die individual impulse response ^timates ht into a 
column vector (column 13, lines 6 -15). 

Regarding claim 5. Raleigh in view of Motoyasu teach all die claimed limitations as recited in claim 2. Raleigh forther 
teaches wherein die fictitious manifold Af is die aggregate of all vectors: a = [al a2 ... . Am] where ak(k= 1,2.... m) range over die 
set of complex numbers, wdiere m is die am number of antenna elanents in die array (column 13, lines 6 -15 and column 16. lines 36 
-46). 

Regarding claim 6, Raleigh m view of Motoyasu teach all die claimed Umitations as recited in claim 2. Raleigh furtiier 
teaches wherein die covariance matrix C is generated according to the fbllowiiig equation: C»{summation}n*H ( column 21, Imes 50 
-62) . 

Regarding claim 7, Raietgh in view of Motoyasu teach all d» clauned Umitations as ledted in claim 2. Raleigh fiirflier 
teaches wherein die fictitious array manifold Afis used to form die space-time manifold and die roace-time manifold operates to 
resolve die multi-padi delays (colunm 22, lines 16 - 34). 

Regarding claim 8, Raleigh in view of Motoyasu teach all the claimed Umitations as lecited in claim 2. Motoyasu furdier 
tithes of wherein die step of resolving die covariance matrix C to determine multi-padi delays t uses die mediod of Multiple Signal 
Qassificauon (MUSIQ tediniques (paragraph 0030). 

Regarding claim 10, Raleigh teaches of a mediod of estimating die raulti-padi delays t of a sequence of j blocks oT a signal 
received at mi amenna airay of k isotropic antenna elements, independently of die spatial array characteristics of die antenna array 
(colmnn 2. Imes 59 -63 and column 13. Unes 5 -22). comprising die steps of deriving diannel impulse response estimates hj.k for each 
block j at each antenna k, determining a vectorized aggregate space-time impulse response I for eadi block j (Figure 6 and column 11, 
lines 44 -53 and column 12, Unes 2 -16); forming an estimated covariance matrix for the sequence of j blocks (column 21, Unes 21 - 
33); providing an array Af void of spatial information (column 21. lines 21 -33 and column 30, lines 30 -39); and, resolving die 
covariance matrix witii die array manifold Af to determine die multi-padi delays t (column 21, Unes 55 -65 and column 22. lines 3 - 
16). 

Raleigh does not specifically teach of [providing an array] manifold [void of spatial information] (note that brackets are used 
for clarity m language and diat it is believed diese limitations are addressed by die above cited reference). 

In a related art dealing witii multi-padi mitigation, Motoyasu teaches of of [providing an array] manifold [void of spatial 
mformation] (paragraphs 0025 and 0029). 

It would have been obvious to one skilled in die art at die time of invention to have included into Raleigh's signal processing 
system. Motoyasu' s measuring concepts, for the purposes of interference reduction (brought about ft-om radio multi-padis) as taught 
by Motoyasu. ^ 

Regarding claim 11, Raleigh in view of Motoyasu teach all die claimed limitations as recited in claim 10. Raleigh fiirdier 
teaches of wherein die impulse response estimate hj.k for block j is determined from die equation: h= (ZZ*H )''-lrj,k where Zj is a 
delay matrix for block j and ijk is the column vector of die received signal for block j at antenna k of the antenna array, where 
k=l,2,...m (column 19, lines 55 -59 and column 20. lines 6 -22). 

Regarding claim 12. Raleigh in view of Motoyasu teach all die claimed limitations as recited in claim 11. 
Raleigh furdier teaches of wherein die space-time impulse response vector I is formed by stacking die individual impulse response 
estimates hjk into a column vector (column 13, lines 6 -15). 

Regarding claim 13, Raleigh in view of Motoyasu teach aU die claimed limitations as recited in claim 10. Raleigh iurtiier 
teaches wherein die fictitious manifold Af is die aggregate of all vectors: a [al a2 ... . Am] where ak (k==l,2,... m) range over die 
set of complex numbers, where m is die am number of antenna elements in die array (column 13, Imes 6 -15 and column 16. lines 36 
-46), 

Regarding claim 14 . Ralftiph in vip i w nf Mntnvasii tparh all the claimiM iimitari/.nc rpriti^d i« Hoim i o HaiPigh f.,rth^r 
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teaches ^^eiein die covariance matrix C is generated according to the following equatitm: C={suimnation}gik*H ( column 21, lines 
50 -62). 

Regarding claims 15 and 19, Raleigh m view of Motoyasu teadi ail the claimed lunitadons as redted in claims 10 and 18. 
Raleigh further teaches wherein the fiaitious array manifold Afis used to form the space-time manifold and the space-time manifold 
operates to resolve the multi-path delays (column 22, lines 16 - 34). 

Regarding claun 16, Raleigh in view of Motoyasu teach all the claimed limitations as recited m daim 10. Motoyasu further 
teaches of wterein the step of resolving die covariance matrix C to determine multi-padi delays t uses the method of Multiple Signal 
Classification (MUSIQ techniques (paragrafdi 0030). 

CHaims 9 and 17 lack an inventive step under PCT Ardde 33(3) as being obvious over Raleigh et al. (Raleigh. US Patent No. 
6.144,711) in view of Motoyasu et al. (Motoyasu, Japanese Patent Application No. 05-135996) and in further view of Madurasinghe 
(IEEE Electronics Letters). 

Regarding claims 9 and 17, Raleigh in view of Motoyasu teach all the claimed limitations as recited in claims 2 and 10. 
Motoyasu further teaches of wherein the step of resolving the covariance matrix C to determine multi-path ddays t (paragraph 0030). 

Raleigh in view of Motoyasu do not specifically teach of uses the Method of Alternating Projection (APM). 

In a related art dealing with multipathed radio waves, Madurasin^e teaches of uses the Method of Alternating Projection 
(APM) (pdge 1326 columns 1 and 2- IntroductioiO. 

It would have been obvious to one skilled in the art at die time of invention to have included mto Raleigh and Motoyasu's 
signal pxocessmg system, Madurasinghe's alternating projection method, for the purposes of optimization of values (superior 
conventional mediods), as taught by Madurasin^. 

NEW CITATIONS 

NONE 
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